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A Proposed Transmission for Pumping Purposes.” 
BY LEWIS A. HICKS, C. E. : 


HE generation of power from the waterfails of the 
high Sierras flanking the wide expanse of unused 
but fertile lands which form so large a part of the 

broad San Joaquin Valley, and its utilization, through 
electric transmission, for pumping the irrigating water 
supply in the valley, is a subject which facinates the 
physicist as an example, on a large scale, of the conserva- 
tion of energy, and it does not lose in attractiveness when 
considered as an engineering possibility quite within the 
range of known experimental results and susceptible of 
exact statement as to the cost of developing and produc- 
ing continuously a unit quantity of water. 

Several yeais ago the writer pointed out that the high 
load factor (the ratio of the average to the maximum 
load) which could be realized in the operation of a power 
plant handling a purely pumping load would reduce the 
cost of pumping sufficiently to make this method of water 
development economically possible, and as the result of 
the present investigation it is apparent that the required 
investment per acre-foct produced compares favorably 
with the cheapest surface-catchment projects, azd that 
the annual cost of operating would be less than by any 
other method of extending the water supply, provided it 
is deerred advisable to operate the plant continuously 
throughout six or more months of the year. The very 
complete physical data which are available from the sur- 
veys, stream measurements and photographs taken have 
made it possible to study the problem in detail. It falls 
naturally into three subdivisions: First, the possibility of 
power development on Kings River depending on the fall 
and minimum run-off available within reasonable limits 
of conduit length; second, the cost of generation, trans- 
mission and application of sufficient power to pump 1000 
acre-feet of water daily for the irrigation of lands between 
Fresno and Hanford; and third, the possibility of develop- 
ing that amount of water continuously from the gravel 
storage of the alluvial cone of Kings River. 

The site selected for the power house is at the junction 
of the South and Middle forks of Kings River, at an alti- 
tude of 1980 feet. The diversion planned is from the 
Middle Fork, through 14,000 feet of continuous tunnel, 
with working adits at frequent intervals, delivering a 
maximum flow of 180 second-feet at the penstock, which 
is 680 feet above the water wheels. 

The watershed tributary to this diversion contains an 
area of 325 square miles and rises to an altitude of 14,000 

*A report to the United States Geological Survey and published in Water 


Supply and Irrigation Paper No. 58 on “Storage of Water on Kings River, 
California,’ by J. B. Lippincott. 


feet. The least mean monthly run-off during the last 
five years, which were years of drought, occurred in 
September, 1898, when the Red Mountain gaging records 
indicate an available mean flowage at the Middle Fork 
diversion of eighty-five second-feet. Following is the 
mean monthly minimum flow during these five years: 


September Second-feet 
RG sy ce Fae cesses co ea khie® 206 
Pi acks ae bk Reh ees seeks pS Ke 138 
EE kes bie een eo ne veka cu ae hewn 85 
WO a nee be Si phic ee sc dina cave go 
PN Sie ar ics ac Rae e PARR a ee tn ches 126 


In each year the minimum month was in September. 
During the rest of the year the available flow was never 
less than 100 cubic feet per second, a quantity sufficient 
to generate the full load output contemplated. The 
recurrence of extremely dry seasons at more frequent 
intervals than ten or fifteen years is not probable and does 
not properly constitute a limitation of the plant to be 
installed. 

A study of the water supply available for pumping, 
which has been fully considered by Mr. Lippincott, shows 
it to be ample to furnish the maximum of 328,500 acre- 
feet required annually by the pumping plants, and the 
supply will probably be much in excess of the demand. 
Experience in Kern County, on ascale relatively as great, 
shows that the water plane is maintained, notwithstand- 
ing continuous pumping, where the wells are in proximity 
to gravity canals, and that while the plane of saturation 
is lowered during seasons when the canals are deprived 
of water, it soon. regains its former level when the use of 
the canals is resumed. 

A careful study has been made of the data acquired by 
the extensive observations of the existing water plane in 
the Kings River delta, as revealed by more than 800 
wells, supplemented by information given by well borers 
familiar with the district. The average wells for irrigat- 
ing purposes have a log similar to the following: 


Feet 
COGS o. astete caeaa cane dees 7 
Hardpan or clay............... 2to 8 
INGE hoki vcscidee oa nn 10 to 50 
oe Se ee 30 to 60 
COS CUE Sys id ony. 6200 Use 4to § 


The first layer of sand is generally found to be alkaline 
and is cased out, dependence being placed on the second 
stratum of sand, from which the supply is drawn through 
the open bottom of the casing. Under pumping, such 
wells at first discharge considerable sand, creating around 
the casing a cavity of such dimensions that the entering 































FIGURE | LONGITUDINAL SECTION, PLAN AND TRANSVERSE SECTION 
OF SAND TRAP 


velocity of the water is reduced to a point where its trans- 
porting power is lost. Where the clay roof is sufficiently 
thick to prevent caving these cavities may become very 
large and the capacity of the wells be proportionately 
increased. A formation of this character is therefore ex- 
ceptionally favorable to the development of large quanti- 
ties of water. 

The storage capacity of the area affected by the annual 
infiltration above the level to which the water plane might 
be reduced by continuous pumping is not less than 2,000,- 
000 acre-feet. 

In the light of experience and of the data presented 
regarding storage capacity, rate of replenishment, favor- 
able formations encountered, and the reabsorption of a 
part of the water pumped, the writer believes it entirely 
conservative to say that the quantity of water estimated 
upon in this report can be continuously developed from 
the gravel beds of the Kings River delta by the methods 
outlined. 

While the limits of this report make it necessary to 
omit many of the details, the general characteristics of the 
designs will be stated briefly before summarizing the 
estimates. ‘The figures used for cost of intake, conduit, 
roads, bridges and trails were prepared from preliminary 
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surveys, and appear to the writer to be amply large to 
cover any probable modification of design or location. A 
description of the rest of the plant follows.in order, from 
the intake to the pumps. 

Ordinarily the water is very clear and carries but little 
silt. Provision has been made, however, for trapping the 
granite sand which is present in all streams of the upper 
Sierras during the spring freshets, while the snow is melt- 
ing. The saving effected in the erosion of wheel buckets 
and nozzles justifies this expense. The normal conduit 
velocity through the traps for full-load conditions has 
been reduced to a little more than one foot per second, 
and at the penstock the transverse velocity will be less 
than 0.5 foot per second. ‘This has been cheaply effected 
by locating the structure in one of the small lateral drain- 
age lines intersected by the tunnel alignment at grade, 
and diverting the drainage around the open cut by means 
of asmall training wall. A movable flashboard will make 
it possible to flush the settling chamber without interfer- 
ing with the continuous flow of the conduit, and a by- 





TUNNEL 


FIGURE 2 DETAILS OF PROPOSED POWER PLANT 
A, Section of tunnel. 


B, Section of wasteway. C, Plan of penstock. 
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pass will equalize the pressure on the flashboards. Flush- 
ing may be continuous when water is plentiful, and be 
intermittent or cease entirely when the flowage is less 
than required. A waste weir is provided for regulation 
and for use when it is desirable to shut off entirely the 
flow from the penstock. Figure 1 shows a longitudinal 
section, plan and transverse section of the sand trap. 

As designed, this structure is divided into three bays, 
from each of which a pressure pipe is taken out. The 
bays can be separated by flashboards placed in grooves in 
vertical buttresses, and the pressure pipes can be shut off 
by stop boards between the buttresses. The tunnel enters 
the penstock in the center bay. The surface elevation of 
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diameter of thirty inches at the thrust block to eighteen 
i:ches at the gate valve (eighteen-inch) in the power 
house immediately back of the nozzles. Each pipe feeds 
to a single generating unit, with practically no curvature 
in reaching the wheels. - In case it is necessary, however, 
to feed two units from any one of the three pipe lines, 
this can be accomplished through a thirty-inch by-pass 
connecting the three pipes back of the thrust blocks and 
not shown in the drawings. 

In designing a power house the endeavor should be to 
obtain, as cheaply as possible consistent with lorg life and 
utility, a safe and convenient assemblage of the necessary 
apparatus in such a manner that all working parts of the 
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FIGURE 3 PROPOSED POWER HOUSE 
A, Side elevation and plan. #, Transverse section and end elevation. 


the water in the penstock can be regulated by stop boards 
between the portal buttresses. An overflow weir is pro- 
vided to carry the maximum flow of the conduit when all 
outlets below are closed. Sections of the tunnel and 
wasteway and plan of the penstock are shown in Figure 2. 

The three pipe lines are designed to be thirty inches in 
diameter, of steel plates riveted in place, with full load 
velocities of seven feet per second and an effective head 
of 660 feet, requiring a flow of 100 cubic feet per second 
to generate the rated output of the dynamos. Each pipe 
is equipped at frequent intervals with air valves of large 
area. ‘The pipes are to be placed in a trench to a depth 
of half their diameter, anchored to rock in situ, and 
covered with rough rubble. A concrete thrust block is 
provided at the foot of each pipe, which tapers from a 


plant shall be easily accessible for repairs and that future 
extensions can be made in confofmity to the same general 
plan, also to concentrate the machinery, so far as is con- 
sistent with safety, in order to minimize the expense of 
attendance. This has been the aim in planning these 
works. 

The power house, as designed, is shown in plan, side 
elevation, end elevation and transverse section in Figure 
3. It is believed that the intense summer heat justifies 
the substantial character of the design, and that the use 
of the granite country rock will be cheaper than any 
alternative material offering results equally satisfactory. 
Thorough ventilation will be obtained through louver 
openings in the roof ridge and by exhaust fans connected 
with the cool air in the wheel pits. 
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The pressure pipes and exciter branches are below the 
level of the switchboard floor, obviating the use of short 
goose-necks on the main units. The tailraces provide a 
straight outlet for the waste water in direct line with the 
axis of the pressure pipes and offer head room for repair 
work under the wheel mounting. Work can be done on 
either unit without interference with the operation of the 
rest of the plant. Wire conduits for the leads from the 
generators to the low tension busbars and exciter circuits 
are designed with ample working dimensions. The 
reasons for the arrangements adopted will be taken up 
in connection with .the several classes of apparatus to 
which they appertain. 

As designed, the water wheel centers are mounted on 
the shaft ov which the revolving fields of the generutors 
are carried, dispensing with an intermediate coupling, 


and are fitted with interchangeable single tangential. 


buckets. ‘The shaft is carried in three bearings of the 
usual ring-oiling type. ‘The wheel housings part hori- 
zontally at the axis of the shaft, permitting easy access 
to the entire wheel. The nozzles are interchangeable, 
equipped with deflecting hood actuated by means of 
rocker shaft and links from a Lombard governor belted 
to the generator shaft. The nozzles are also provided 
with a needle valve for hand regulation if desired. The 
exciter units, two in number, are connected directly to 
their respective water wheels, either being of sufficient 
capacity to provide exciting current for two generators. 
The exciter tailwater will discharge into the main tail- 
races. ‘The foundations for water wheels and generators 
are to be excavated to solid rock, built up with concrete, 
and reinforced and tied together laterally with expanded 
metal and small I beams. 

The generators proposed, three in number, are of the 
three-phase, sixty-cycle, alternating-current, revolving 
field type, with a normal capacity of 1350 kilowatts, or 
1800 horsepower, at 2200 volts, at a speed of 200 revolu- 
tions per minute, and are on the shaft with the water 
wheel. The stationary armature in this form of gener- 
ator dispenses with any adjustment of moving parts on 
the generating element of the machine, as the leads simply 
connect to terminal blocks on the armature frame to 
which the ends of the three-phase windi: gs are brought. 
The elimination of collector rings, made possible in this 
way, tends to higher generating pressures, with resulting 
economy in transformers. Machines of this type of 12,000 
volts capacity have already been developed and are in 
successful operation. 

In designing these works moderate electric pressures 
have been adopted both for generation and transmission, 
with a view to keeping well within the limits of success- 
fuloperation. As planned, the generating units are below 
the station floor, to permit the pressure pipes to reach the 
wheels without unnecessary curvature, and plenty of 
working room has been provided around, under and over 
the machines. A traveling crane provides means to lift 
and transport any part of the machines to any part of the 
building. The generator leads pass up from the sub- 
terranean working conduit behind the switchboard to the 
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busbars, where they are distributed to the transformers 
overhead. Wide passageways are provided around the 
switchboard, which consists of a separate panel for each 
generator and one for the exciters, carrying the usual 
interconnecting switches, voltmeters, ammeters, integrat- 
ing wattmeters, fuse blocks, field rheostats and synchro- 
nizing devices. 

The floor or shelf on which the transformers are placed 
is of concrete and expanded metal, with working room 
between and around the transformers. The low-tension 
wires (2200 volts potential) pass into the transformer — 
coils on the rear, next to the wall of the building, and 
the high tension wires (30,000 volts potential) are taken 
from the opposite side through a plug board equipped 
with long break switches, from which the wires pass 
back overhead, across the transformers, through glazed 
openings, to the external circuits. 

The route selected for the pole lines follows in a general 
way the proposed wagon road from the power house to 
Millwood, and thence along the existing wagon roads to 
Centerville, in the valley below, for the purpose of insur- 
ing access to the lines during the winter, when the ground 
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FIGURE 4. ELEVATION AND SECTION OF PROPOSED TRANSFORMER HOUSE 


will be covered with snow. Beginning at an elevation of 
2000 feet the line attains an altitude of 5500 feet at Mill- 
wood, and then descends to Centerville, forty-five miles 
from the power house. Experience in Colorado and 
British Columbia demonstrates that if the lines are struc- 
turally strong no interruption of operation need occur by 
reason of snow. Interruption has invariably been due to 
weak mechanical construction and not to electrical causes. 
Two pole lines carrying four three-phase circuits of No. 3 
hard drawn copper wire supported on suitable insulators 
to be built to Centerville, where a switch station will be 
located. The arrangement is such that each generator 
can be run separately on an independent circuit, or any 
number of circuits can be operated in multiple from a 
single generator, or all of the generators can be run 
parallel into any or all of the circuits by means of suitable 
connection at the busbars. From Centerville one line has 
been projected to Fresno and beyond and another to Han- 
ford and the intervening lands. 

The extraordinary yield of the developed wells around 
Fresno, considered in conjunction with the depth to the 
plane of saturation, the probable depth of exhaustion of 
the wells, and the economical output for each station, 
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requires about forty-five horsepower delivered to the 
motors, and the necessary size of the units suggests the 
use of fifty-horsepower induction motors at 2000 volts 
potential. The advantages of a large irrigating head 
have been obtained by grouping four pumping plants 
around a transformer station 800 to 1200 feet distant. 
Each substation consists of a neat wooden building pro- 





FIGURE 5. 


DETAILS OF PROPOSED POWER PLANT 


A, Friction gear for priming pump. 


B, Section of wall of transformer house. 
C, Plan of pump pit. i 


D, Details of construction of pump pit. 


vided with a radiation wall so arranged that the heating 
of the air in the roof space creats a draft through the vent 
provided at the top, which establishes a circulation 
through the walls of the building and prevents the air 
within from attaining more than the normal temperature 
outside. The transformer house proposed is shown in 
elevation and section in Figure 4 and a section of its wall 
in Figure 5. 

The equipment proposed consists of 200 kilowatts of 
self-cooling, oil-insulated transformers wound to convert 
the line pressure of 30,000 volts to a distribution potential 
of 2000 volts, at which it is fed direct to the motors with- 
out further transformation. An outside high-potential, 
triple-pole, double, long-break switch provides means of 
cutting out the substations for adjustment. 

These buildings are of the same general cortstruction 
as the transformer house. (For elevation and section of 
proposed pump house see Figure 6.) As designed, the 
equipment consists of a ten-inch centrifugal pump, with 
working vanes to suit the motor speed and height of lift, 
mounted in a steel frame, connected directly, with grip 
couplings, to the shaft of a vertical motor supported on 
the same frame above the level of the surrounding coun- 
try, so that in case the pit is accidentally flooded the elec- 
tric apparatus is safe from injury and the plant suffers no 
damage. The pits are curbed with concrete and 
expanded metal panels set in steel T-beam frames and 
bolted in place, with diagonal bracing at the ends to pre- 
vent racking. (See Figure 5.) ‘The wells are twelve 
inches in diameter, sealed into the concrete floor, and 
will probably require sinking to an average depth of 100 
feet. The suction pipes are eight inches in diameter, 
of heavy galvanized iron, riveted and soldered. Suction 
inlet to the pumps is provided in the form of a cross, so 
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that four wells, 90 degrees apart, can be connected. If 
the two wells shown in the section of the pit fail to 
develop sufficient water, another well will be sunk thirty 
or forty feet away, laterally, and a fourth, on the opposite 
side, if it should prove necessary; these lateral wells to be 
connected by tunneling from the main pit, sinking a 
brick manhole over the well to the depth of the pit, and 
connecting the wall of the pit and the manhole by stand- 
ard screw pipe surrounded by six inches of concrete. 
back-filled solidly and terminating at either end inside of 
the pits with a bolt flange from which connection can be 
made to the pump and vertical suction pipe. Priming is 
effected by closing the gate valve on the discharge pipe 
and exhausting the air from the suction pipes and pump 
with a mechanical primer operated with a taper friction 
from the motor shaft. (See Figure 5.) The motor 
starts idle, the weight of the motor and shaft being 
carried on a collar working on ball bearings on the pump 
head until the appearance of water at the discharge of 
the priming pump indicates the priming of the main 
pump. The opening of the gate valve on the discharge 
pipe permits discharge to begin, and the pump is so 
designed and adjusted that the static lift operates to bal- 
ance the suspended parts. Each station is equipped with 
an automatic device for cutting out the motors in case of 
a disturbance of the line. Oilers are arranged to require 





ELEVATION AND SECTION OF PROPOSED PUMP HOUSE 


FIGURE 6. 


attention once in twenty-four hours; more frequent 
inspection has been shown by experience to be unneces- 
sary. 

In the following estimate of cost wagon freight from 
Sanger to Millwood has been figured at $9.00 a ton, and 
from Millwood to the power house at $2.00 a ton. The 
figures used for the cost of the intake, conduit, roads, 
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bridges, and trails were prepared from preliminary surveys, 
and appear to the writer to be ample to cover any prob- 
able modification of design or location. The delivery of 
construction material on the line of the tunnel and at the 
penstock requires the use of an inclined skidway and a 
small hoisting engine, which are included in the estimate. 
Several miles of difficult mountain wagon road and trails 
must be built, and a bridge constructed across the 
South Fork at the power house. A screen of iron bars 
at the intake has been included in the estimate, also 
double screens at the penstock, to keep leaves and sticks 
from entering the pressure pipes. A telephone line of 
No. 12 wire, strung on the power line poles and equipped 
with instruments and cut-out switches at each of the sub- 
stations, has been estimated upon, while a comfortable 
bunk house, with double roof and walls, library, dining 


room, kitchen, bathroom, and complete sanitary plumb- - 


ing, which has been included, is regarded as a necessary 
adjunct, and a small ice-making plant and cold room 
piped for direct ammonia expansion, which have also 


been included, would add to the comfort of the 
employees. 
Hydraulic works: 
Headworks and intake. ................. $5,500 
COUN, sass cae en ives cs vdoe oe 184,800 
PB ho ian 5S oS GED So wy ok 7,700 
CE BORIS 5 is es sh ans 2 ES 1,330 
Penstock and waste weir................. 3,478 
Pressure pipes (three steel pipes, each 
thirty inches in diameter, 3,200 feet 
in length, with gates and air valves)... 59,691 
Hydraulic equipment (water wheels for 
three generators and the two exciters, 
with governors, gates, and fittings)... 27,000 
$289,499 
Buildings: 
Power house, foundations, and conduits.. 15,738 
Mess and bunk house...................5 3,600 
Refrigerating piaMt ch. 6 cs... ee ce as 1,500 
Stable, workshop and tools............... 2,900 
23,738 
Rowie end Dridges. 7 Sy a5 isan ss ieewes 58,850 
OG Sos ok AeA es bh aA eS 3,300 
62,150 
Electric generation and conversion: 
Generating equipment and control (three 
generators, 1,800 horsepower each, 
two exciters for same, switch board, 
instruments, and installation). ...... 59,705 
Transformers (ten of 600 horsepower each, 
30,000 volts, with switches, etc.)..... 33,000 
92,795 
Transmission: 
Pole lines (forty-five miles of double 
pole line, four circuits to Centerville, 
forty-five miles distant, and forty - 
miles of distribution lines)........... 267,200 
Centerville switch house....... ......... 3,000 


Substation transformation (twenty-five 
substations, each containing four step- 
down transformers—one for reserve— 
total capacity 266 horsepower, with 
switches, etc., complete, each station 
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designed to furnish the power for 


four pumping stations)......... 73,750 
343,950 
ze 812,042 
Engineering and contingencies, 5 per cent.............. 40,602 
OU eae ee ae ahs FABRE ee Seven tse. wets 
Pumping stations, 100 at $4,057 (consisting of 
fifty-horsepower motor, ten-inch cen- 
trifugal pump and attachments, cem- 
ent-lined pump pit, four wells ninety 
feet deep, buildings, piping, etc.).... 405,700 
Engineering and contingencies, 5 per cent... 20,285 
MS) Gao co ees koe Media bh ERS Sh ods Medes Rig ous 425,985 
Recapitulation: 
Power generation and transmission................. 852,644 
Water development, i. e., 100 pumping stations..... 425,985 
PEL oie Sala a satay “a's ak A CAMS bia. oo 9 eS 1,278,629 


The estimate on pumping plants is for a capacity of 
five second-feet each, or a total of 500 second-feet, per 
twenty-four hours, being 1ooo acre-feet per twenty-four 
hours from an average depth of forty-five feet, equivalent 
to 365,000 acre-feet per annum (365 days), making the 
cost of installation $3.50 per acre-foot of annual capacity. 

The estimated cost of operating the plants is as follows: 


Interest, 6 per cent. on bonded indebtedness.......... $76,718 
Taxes, 2 per cent. on 60 per cent. valuation............ 15,343 
Depreciation and maintenance.......... ..5..... 0.205. 25,550 
117,611 
Power house: 
One superintendent, :...............4.... $1,400 
Three attendants at $1,000............... 3,000 
eres MOIperes AE BIO, sss se keen. 2,400 
RUNS OR Cy Ab es ys aay eapebeewee lt Gk’ 750 
CRE PC RINON eo ko ess Se ea ks 750 
PIQUE HG ORM ois a bas oii ee ck Sees 1,300 
Oil, waste, and supplies.................. 2,400 
$12,000 
Pole line: . 
ee SUM eS ON yb keek rel s Vee swale 1,800 
My AE PBDEs iio ios cienias > cos ows 800 
2,600 
Pumping stations: 
Ten attendants at $800.............. 8,000 
Two inspectors at $1,000. ................ 2,000 
Horses, twenty at $150..................- 3,000 
Oil, waste, and supplies.................. 2,400 
15,400 
Total operating expemses...................... 30,000 
Administration and local expenses: 
One general superintendent.............. 2,400 
CPi OI oo ios io us og soe deeds 1,200 
Office rent and sundries............. 1,400 
5,000 
Insurance and contingencies...............0..6e cece sees 5,000 
10,000 
Is sic oieoe eis ek AMOR AG s 6 oh cn cedbwd hes a9 0 157,611 


Considering the load factor of the pumping system, i.e., 
the ratio of the average load to the maximum load, to be 
go per cent., the annual pump output would be 328, 500 
acre-feet, on the basis of the use of the plant for 328% 
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days, and the total cost of operating would amount to, in 
round numbers, $0.50 per acre-foot produced per annum. 
If the plant were operated fewer days each year the cost 
per acre-foot produced would be much greater. 

In order to appreciate the magnitude of the proposed 
development it may be compared with what has already 
been achieved with the gravity flow of Kings River. 
The flow available during dry years is the measure of 
irrigated acreage on which stable values can be main- 
tained, since land with au uncertain water supply must 
fluctuate in value as the seasons are favorable or other- 
wise. During 1898 the supply available was very 
deficient. Last year (1900) the profits from the raisin 
crop alone in the Fresao district are reported to have 
beer more than $2,000,000, and this industry, as well as 
the fruit, stock, and general farming interests, is depend- 
ent on the river, not partially but absolutely, for its exist- 
ence. Practically all created values within the area 
served by the water of Kings River are sustained by its 
flowage, and the aggregate of these values runs into 
millions of dollars. Plenty of additional land, of even 
better quality than that now under cultivation, is avail- 
able if an assured water supply can be provided. 

Making due allowaaces for seepage losses in conveying 
the pumped water, the annual amount available from the 
new supply would be 300,000 acre-feet, and the cost of 
supplying it would be only slightly in excess of the pres- 
ent charges for water from gravity canals in this locality. 

The conditions described exist at many other places 
along the eastern slope of San Joaquin Valley, where 
there are many square miles of unused land, much of it 
possessing as great natural advantages as the tracts 
under cultivation at lower elevations, which a water 
supply would convert into a rich and productive country. 
Riverside is an example of what five years’ development 
with water will accomplish. Notwithstanding the con- 
tinued decreasing flow of the perennial supply due to the 
dry years 1895 to 1900, orange planting, which passed 
the natural limit of stream flow several years ago, bas 
been steadily extended to outlying districts, and water 
development from well supplies has kept pace with the 
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increasing requirements until the quantity available and 
the acreage served are much greater than ever before, 
and the best lands are now dependent on pump irrigation. 

General attention now being directed toward the 
advantages possessed by California, it seems probable, 
under the pressure of increased population and the 
market demands which must follow, that another genera- 
tion will witness the cultivation of every acre of land sus- 
ceptible of irrigation in San Joaquin Valley, and in view 
of the possibilities herein suggested it does not appear 
unreasonable to believe that water will be provided for 
every acre that can be cultivated. 

The important results of the investigations made by 
Mr. Lippincott on Kings River are summarized in the 
following table: 


Cost of installation. Annual 





Capacity cost per 
a kor crane acre-foot 
Improvement. Description. Rieh tiee of 
oe ; Per acre-| interest 
Total foot and 
stored. operation 
Dusy Meadows reser- 

WP ae tiles son tie \125-foot dam 16,850 $538,860 | $32.00 $3.10 
Pine Flat reservoir...|140-foot dam. 78,197 | 1,750,000} 22.38 2.06 
Clarks Valley reser-| | 

WEE werdale cetend.ae 85-foot dam...... 120,499 1,331,025 11.05 1.04 
Clarks Valley reser-| 

WE icss cateewduens |105-foot aes 217,196 2,206,822 10.15 g2 
Long Meadow reser-| | 

VOU scccncrcces seve '170-foot dam..... 25,334 713,715 25 .00 2.64 
Pumping plants...... \328%% days opera- { 

| tion perannum) 328,500 1,278,629 3.50 -50 

Pumping plants...... 1100 days opera- | 
tion per annum! 100,000 1.278,629 12.78 1.43 

i 


‘“The estimates show,’’ states Mr. Lippincott, ‘‘that 
the cheapest supply in the valley can be obtained by 
pumping with electric power generated by the river itself 
before it reaches points of diversion or storage, provided 
the pumping plants are operated at least half the time. 
This pumped water could be obtained most cheaply in 
the lower valley lands, where the water plane has now 
risen to near the surface and where the longest diversions 
are necessary under existing canals. While the pump- 
ing plants might be used near the foothills the water 
supply there would not be so large and the lifts would be 
greater, but the lands redeemed would be more valuable.”’ 


An Institute Discussion on High Tension Transmission. 


During the regular monthly meeting of the American Institute of Electrical Engineers, held in New York City on March 27th 
last—a meeting in which, by the way, Mr. Bion J. Arnold was nominated by the board of directors for president during the coming 
term—the Committee on High Tension Transmission presented the four Introductories to Discussions which have been given in these 
columns heretofore.* The discussion thereunder was participated in by Messrs. W. N. Smith, Percy H. Thomas, R. D. Mershon, P. M. 
Lincoln, T. A. W. Shock, F. M. Waterman, C. C. Chesney, W. L. Waters, C. E. Skinner, C. O. Mailloux, H. W. Buck, C. L. De Muralt 
and Philip Torchio, whose opinions, as reported by a contemporary,t are given in abstract below.—THE EpIror. 


A PROPOSED STANDARD INSULATOR PIN. 

The first paper presented was that by Mr. Mershon on ‘‘ Mechan- 
ical Specifications for a Proposed Standard Insulator Pin,’’t and, 
following the reading of it, the author, as chairman of the Com- 
mittee on High Tension Transmission, read several written commu- 
nications on the subject. M. H. Gerry, Jr., of the Missouri River 
Power Company, favored a diameter greater than one inch at the 

*THE JouRNAL, Volume XIII, page 143, ¢e¢ seg., February, 1903. 


tElectrical World and Engineer, Volume X11, page 557, e¢ seg., April 4, 1903. 
{THE JouRNAL, Volume XIII, page 148, February, 1903. 


top of the pin proposed by Mr. Mershon, and a thread of greater 
length than two and one-half inches. Wooden pins most frequently 
fail by shearing, and a pin of larger diameter and a longer thread 
has an advantage in preventing the insulator from tipping out 
of line when the fitting is loose between the thread of the pin and 
that of the insulator. The shoulder suggested was criticised, the 
sharp corner of which introduces element 
Mr. Gerry suggested a shoulder which tapers at an angle of sixty 
degrees and fits into a counter-bore in the top on the cross arm, 
thus giving a firm bearing, which has the effect of steadying the 


an of weakness. 








244 


pin and increasing the strength at that point. Instead of the form 
of thread proposed by Mr. Mershon, Mr. Gerry suggests a square 
top to the thread as wide as the groove; this form of thread may 
be easily and readily cut in seasoned or unseasoned wood, and the 
depth not being so great, the pin is stronger at the bottom of the 
thread. Pins of the above construction have been used by the 
Missouri River Power Company with excellent results on a 50,000- 
volt line. 

W. R. C. Corson gave the results of some tests in a Sellers 
machine to determine the fibre stress of pins in pounds per square 
inch. Six standard locust pins were tested supported in a one and 
one-half-inch hole in a hard wood block, and the measured ten- 
sion applied about four and one-half inches from the block. The 
average value of the constant was 11,130 pounds per square inch, 
but the test showed that it is probably best to assume that for a 
maximum load this constant should not be greater than 9,000. In 
conclusion Mr. Corson said that the dimensions of the pin 
suggested by Mr. Mershon would prove to be of ample strength to 
withstand the side strains to which it may be subjected. 

Professor C. L. Cory, of the University of California, also gave 
the results of some tests on pins, the purpose being to determine 
how near those in general use in California conform to the pro- 
posed standard pin suggested by Mr. Mershon. The California 
pins do not exactly conform in size and length of stem with any 
of the proposed standard pins, but in general the dimensions of 
the proposed and tested pins agree fairly well. It seemed evident, 
however, that one inch is not a sufficient diameter for the thread 
of a pin for all sizes, and the shank was shown to be the weakest 
part in the six and seven-eighths-inch pins, while the stem, and 
particularly the upper portion of the stem at the thread, was the 
weakest part of the ten and one-eighth-inch pins. Professor Cory 
stated that on the 33,000-volt, eighty-three-mile, double-circuit, 
three-phase transmission line of The Edison Electric Company 
from its Santa Ana power house to Los Angeles, iron pins with 
porcelain sleeves are used. 

He considered an iron pin in many respects better than one of 
wood, and described a pin of this kind designed by Wynn Mere- 
dith for use on the extensive lines.of the Vancouver Power Com- 
pany. This consists of a twelve-inch steel bolt; a cast-iron sleeve 
four and one-quarter inches long fitting closely to the cross arm 
fills the space between the thread and corresponds to the stem of 
the ordinary wooden pin. A lead thread is cast on the end of the 
steel bolt, the bolt first being chopped or made ragged to enable 
the lead to hold. 

D. L. Huntington, electrical engineer of. the Washington Water 
Power Company, Spokane, Wash., described some experiments 
with iron pins. As the result of these experiments, a pin was 
adopted eighteen inches long, made of one and one-eighth-inch 
round mild steel bar having a shoulder and shank cast upon it. 

W. N. Smith did not see how a single standard table of dimen- 
sions for an insulator pin could be laid down to cover all the con- 
ditions of various power transmission lines, which ranges in size 
from No. 4 wire up te a 300,000-cm cable, such as is used at 
Niagara. He thought it would be well to have a tabulation for 
sizes of conductor from No. 6 to No. 3, another from No. 3 to No. 0, 
another from No. 3 to No. 4-0, and another from No. 4-0 up. 
Mr. Smith agreed with Mr. Gerry that the top of the proposed pin 
is rather small for the very heavy insulators required for trans- 
mission above 20,000 volts. P.H. Thomas thought that a shoulder 
should be arranged so that a pin will not go the top of an insulator, 
for when a pin comes to a bearing at the top on the inside of an 
insulator, the expansion of the pin may crack off the top of the 
latter. Mr. Mershon, in replying to the criticism by Mr. Gerry, 
said that the reason given for having the top of a pin larger does 
not hold. If an insulator is properly designed it will not tip, and 
if it does it is the fault of the insulator and not of the dimensions 
of the pin. The thread proposed by Mr. Gerry would have no 
greater shearing strength than the thread of the suggested stan- 
dard pin, and as to up-strain, a line should be so designed as to 
make this so slight that it would not have any particular bearing 
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on the shearing strength of the pin. Mr. Mershon considered 
that if a standard were adopted, and though changed from year to 
year, we could not be any worse off than we are now without any 
standard. At present the only way to get a pin to fit an insulator 
is to send the insulator to the pin manufacturer, or vice versa. 

There should be but one transformer used to step up to the 
highest potential required, and its reactance should be as low as 
possible. A number of transformers in series is particularly bad, 
as it gives poor regulation and leads to great uncertainty as to the 
actual potential to which an insulator is being subjected. 

Testing sets with transformers in series and a generator of poor 
regulation have been known to vary widely in the relation of the 
generator volts and the length of the spark gap, due to change of 
wave form with different magnetic saturations of the apparatus 
and different numbers of insulators, and consequently various 
capacities on the testing circuit. The only certain way to deter- 
mine the real potential is to have a step-down instrument trans- 
former on the high-potential circuit. 

Assuming that insulators are to be passed upon for a specific 
transmission plant, they should first be inspected to see that they 
are free from cracks, bubbles or pits that will impair their strength 
or in which moisture can lodge. If of porcelain, the glaze should 
cover all the outer surfaces. The glaze is of no insulating value 
in itself, but dirt sticks to unglazed surfaces. Experience has 
shown that porcelain insulators which are not absolutely non-ab- 
sorbent are worthless. The best porcelain shows a polished frac- 
ture like glass. If there is any doubt about the quality of the 
porcelain in this respect, it should be broken into small pieces, 
kept in a hot, dry place for some time, weighed and immersed in 
water for aday. When taken out of the water the weight should 
be the same as at first. A puncture test should be made by setting 
the insulator in a cup of salt water, filling the pin hole also with 
water, and slowing increasing the potential between the top and 
bottom until the desired test potential is reached or the insulator 
either punctures or arcs over the surface. 

If an insulator is built up of several parts, each part should be 
a\sle to withstand a pressure greater than it will have to sustain 
when the complete insulator is tested. If it is to be tested for 100,- 
000 volts and is made in two parts, each part might, for instance, 
be tested with 70,000 volts. The object of this is to have the weak 
parts rejected before they are assembled. A fair puncture test for 
an insulator is twice the potential for which it is to be employed, 
applied between the head and the ifterior for one minute. For 
example, the insulators for a 50,000-volt line should each stand 
100,000 volts. As the potential from any wire to ground on a 
50,000-volt, three- phase system would only be about 30,000 yolts, a 
100,000-volt test gives a factor of safety of nearly three and one- 
half to one. If one branch were grounded, as sometimes occurs 
in practice, the factor of safety would be but two to one. A one- 
minute test is mot so severe as a continuous application of an equal 
potential, but insulators that have passed this test stand up well 
in service. New types of insulators should be mounted on iron 
pins and tested both wet and dry to determine the potentials 
which will are over them. The dry test is of little value, as the 
potential at which the arc jumps from the head to the pin can be 
pre-determined by measuring the shortest distance between them 
and referring to a curve of arcing distances in air. In a wet arc- 
ing test, a stream of water from a sprinkler nozzle under a pres- 
sure of at least fifty pounds to the inch should be played on the in- 
sulator at an angle of say thirty degrees from the horizontal. This 
will be similar to the condition which exists in a rain and wind 
storm, The insulator should not are over from the wire to the 
pin at less than the potential which will exist in service between 
any two conductors. 

In no case should wooden pins be relied on for insulation, as 
their value is only temporary. All wooden pins in time become 
dirty and absorb moisture. Eventually they burn off unless the 
insulator is good enough to be used with an iron pin. If an insu- 
lator is going to fail, it is better to have it do so at the start and not 
interrupt the service by breaking down perhaps years afterwards. 
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In addition to the electrical tests, it is well (if the insulator is of 
a type that seems to require it) to try samples for mechanical 
strength. When mounted on pins the insulator should stand a 
side strain of at least ten times the pressure exerted by the air on 
the conductor with a wind velocity of say 100 miles an hour. It 
should also be able to slip the conductor through the tie wire 
should the former break. 

The above tests are particularly desirable with built-up insu- 
lators in order to be certain that the parts will not separate. With 
such insulators, it would also be well to test them in tension along 
the axis of the pin. In transmission lines crossing depressions, 
such an upward pull is not infrequently exerted on the insulator. 





THE TESTING OF INSULATORS, 


A communication on Mr. Blackwell’s paper* from M. H. Gerry, 
Jr., said that several important matters in connection with the 
testing of high-voltage insulators were not touched upon. Insu- 
lators are tested for two purposes: First, to determine the design, 
shape, material and dimensions best suited for a given voltage 
and separate conditions; and second, as a matter of routine to de- 
termine if manufacturers have complied with specifications regard- 
ing material and workmanship. There can be no complete set of 
tests to cover the first purpose, as such tests are not only a matter 
of experiment, but also of skill and judgment in properly inter- 
preting the results of the tests in relation to service conditions. 
The testing of insulators for the second purpose is comparatively 
simple. For glass insulators it is usually sufficient to inspect 
them for physical defects and incorrect dimensions, and a certain 
percentage should also be tested for proper annealing and mecha- 
ical strength. A mechanical analysis of the glass of a few of 
the insulators is also desirable. Electrical tests of glass insulators 
are unnecessary, as the physical inspection will reveal anything 
that should be found by an electrical test. Owing to many de- 
fects being covered by the glaze for very high voltages, porcelain 
insulators should be tested electrically and also carefully in- 
spected during the process of manufacture before the glaze is ap- 
plied. This is especially desirable for insulators built up of 
several parts and cemented together by glaze or other material, as 
defects in this type are difficult to detect even by electrical tests. 

Referring to Mr. Blackwell's remark that the puncture test of 
insulators with twice the potential between wires is generally de- 
sirable where the insulators are to be exposed to severe lightning 
strains, Mr. Mershon said that he does not consider the latter an 
important point, since lightning will flash around but will not 
puncture an insulator. In tests of glass used in insulators he has 
never found that it differed in any way from ordinary glass. Mr. 
Lincoln took issue with the statement that glass insulators do not 
need testing beyond usual inspection. He cited an incident 
where insulators were inspected mechanically, but did not give a 
voltage test, where quite a number broke down in actual service, 
the defects of which would have been revealed by a voltage test. 
Mr. Lincoln agreed with Mr. Mershon that there is not much 
danger of insulators breaking down from lightning strains. In 
reply to an inquiry, Mr. Mershon said that between glass and 
porcelain, the only advantage the latter has over the former is 
that of mechanical strength, and sometimes it does not have even 
this advantage. However, in complex forms, the porcelain insu- 
lator is cheaper than the glass one owing to the difficulties in con- 
structing those of glass due to unequal cooling. As to the advan- 
tage claimed for porcelain over glass on account of less hygros- 
copic effect, he considered that in most power transmissions the 
leakage will dry up any moisture that should be deposited. 

T. A. W. Shock agreed with Mr. Blackwell that in testing in- 
sulators the testing voltage should be at least three times that of 
the ordinary line voltage. Mr. Waterman criticized Mr. Black- 
well’s proposition to test separately the parts of the double insu- 
lator, as this would practically bar out this type. Morever, in the 
baking or vitrifying of the two parts, it is not desirable to take the 
entire shrinkage out on the first heat, and consequently if the in- 
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sulators are to be tested before being filled by glaze and vitrified, 
they are not tested at all in their final condition. Furthermore, 
there is more or less chance of getting sound porcelain in double 
insulators, since the porcelain would be thinner. If the insulators 
stand up well under the mechanical test and show a glaze sub- 
stantially free from large air spaces, they will usually stand up 
under the electrical test exceedingly well. 

Mr. Thomas referred to the importance of annealing glass insu- 
lators, and said that the breakage of such insulators during rain 
may more often be due to sun exposure on one side of a poorly 
annealed specimen than to electrical operation. He suggested 
that some tests should be gotten up to determine when glass is 
properly annealed. Mr. Chesney agreed with Mr. Thomas, and 
referred to some experience in California in which very large in- 
sulators are used; after a very cool night they would drop off 
when the sun struck them on one side. Mr. Mershon said he did 
not entirely agree with Mr. Blackwell concerning the use of one 
transformer for testing purposes. A series of transformers need 
not affect bad regulation or seriously distort the wave form, and 
such a testing set has a very great advantage in that a trans- 
former breakage is much less serious than in the case of the single 
testing transformer. He could not agree, either, that insulators 
should necessarily be tested on iron pins, since such a pin is 
likely to be the means of putting upon the insulators a mechan- 
ical strain out of all proportion to any which it will meet 
with in practice if installed upon a wooden pin. An insulator 
which will stand up well under a salt water test will often break 
down quickly when it ison a metal pin. Mr. Mershon considers 
that the wooden pin should not be condemned for any use where 
there is apt to be no trouble from burning; if the insulator is 
good enough to prevent burning, a wooden pin may be used un- 
lesst here be some mechanical requirement which it cannot meet. 
He considered that any new type of insulator should be given a 
test while water is being sprayed thereon in imitation of rain. If 
a wooden pin is used in this test, it should be covered with tin 
foil from a point inside the body nearest the pin to a point two or 
three inches below, the voltage being applied between the foil 
and a wire around the neck of the insulator, representing the line 
wire. Mr. Mershon said that it had been his practice to adjust 
the spray for a precipitation of one inch in five minutes. 

W. L. Waters, in a communication, referred to the fact that the 
form of potential wave given by modern alternators differs very 
much from a sine wave, the worst case being that of the three- 
phase alternator having three slots per pole; in this case the wave 
form shows pronounced harmonics of five and seven times the fun- 
damental frequency. However, few commercial machines having 
wave forms which would affect insulators are now met with. An 
insulator will stand momentarily a voltage strain that if continued 
long enough will break it down, and this time effect is most 
marked in solid insulators, not applying to air. Porcelain insula- 
tors will stand a much higher potential if applied instantaneously 
than they will if applied continuously, and are practically un- 
affected by wave form. 





/ 
THE LOCATION OF POWER AND TELEPHONE WIRES. 


The ‘‘ Transposition and Relative Location of Power and Tele- 
phone Wires’’ was the title of the paper* by Paul M. Lincoln, and 
in opening the subject a communciation was read from M. H. 
Gerry, Jr., who said that there is no especial difficulty in install- 
ing a telephone circuit which will give satisfactory service and 
reasonable safety on a pole line carrying from 50,000 to 60,000 
volts. In addition to the requisites mentioned by Mr. Lincoln, 
there might be added the use of certain safety devices to reduce 
the danger in handling the telephones. Mr. Gerry considers, 
however, that in addition to transposing the telephone wires, it is 
desirable also to transpose the main power circuits in order to 
reduce to a minimum the voltage to ground on the telephone cir- 
cuits; but a few transpositions of the power circuits are required, 
and the service is materially improved thereby. Where there is 
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considerable lightning, the telephone circuits should be protected 
by lightning arresters of a design similar to those used on light- 
ing circuits. The Missouri River Power Company regularly 
maintains a very satisfactory telephone service on its 50,000-volt 
transmission lines over a distance of sixty-four miles. Mr. 
Lincoln said that a telephone line ought to be so installed that it 
will at all times operate even if one leg of the power line is dead 
grounded. If it will operate under these conditions, it will 
operate under the normal conditions of an untransposed power 
line, since the normal static potential induced in the telephone 
line by an untransposed power line is vastly less than that which 
will be induced by grounding the power line. 

Mr. Mershon said that assuming the electromagnetic and elec- 
trostatic effects as of constant potential, telephones should be 
wound for as high a resistance as possible. He did not agree in 
the objection against the use of series telephones, for they will 
operate properly if connected at even transpositions, and shunt in- 
struments should be connected in the same manner. Instead of 
running a grounded wire in proximity to telephone lines, auto- 


transformers may be connected across the telephone lines at a ’ 


number of points, preferably at each of the telephone stations, 
each having its middle point connected to ground. Such a device 
would protect the users of telephones from disagreeable and 
dangerous shocks, whether due to crosses, leakage or electrostatic 
induction, and would also help tc minimize disturbances due to 
ground. 

P. H. Thomas considered that the trouble on telephone circuits 
is chiefly due to electtostatic induction; there will also be a mo- 
mentary disturbance if there is a discharge from a. lightning 
arrester or any static discharge in the neighborhood. He 
suggested that it is possible to insulate the telephone wires to 30,- 
000 or 40,000 volts in au extreme case, and at the end of the line 
connect to the primary of a transformer, the telephone being on 
the secondary, a very high insulation between the primary and 
secondary being provided. The same result may possibly be 
accomplished with condensers. Another suggestion was to use 
for each set of telephone wires a twisted pair, one wire of the pair 
for the telephone circuit and the other of the pair grounded; this 
method would make a large capacity between the telephone wire 
and ground, but would not actually ground the telephone wire 
itself. Mr. Thomas also suggested the use of transmission wires 
themselves for sending signals by connecting a high resistance be- 
tween each wire and a common point, the latter being connected 
to ground and similarly at the other end; a high-frequency gen- 
erator being placed between the ground and the common connec- 
tion at one end of the line, and the same kind of receiving appar- 
atus at the other. The high frequency would prevent the trans- 
formers from taking too much current. He said that at the plant 
of Mr. Gerry he saw sparks from ground to telephone line some- 
thing like half an inch long, indicating perhaps 20,000 volts. He 
dwelt upon the importance of protecting the man using the tele- 
phones, and C. E. Skinner also emphasized this point. Proper ar- 
rangements should be made so that the man need not touch any- 
thing which would connect him with the ground. 

C. O. Mailloux said that he had observed that a transmission 
line may become spontaneously discharged electrostatically with- 
out being connected to any operating machinery. He noticed 
this about a year ago in Arizona on a twenty-five-mile line, re- 
peatedly observing that the three wires would become charged to 
a considerable tension under various conditions; if discharged by 
making connection with earth, they would become charged again. 
On one occasion the potential was so high that sparks of half an 
inch length could be drawn, and in no case were there any indica- 
tions of lightning or storm. Another phenomenon which he 
noticed, also at Phoenix, Ariz., is that a lightning arrester located 
at each end of the line had generally a tendency to a frying dis- 
charge, which is more pronounced between the lightning arrester 
gap of one line than the other, 

Mr. Lincoln reiterated that the series telephone does not give 
good satisfaction when the circuit is run in proximity to power 
lines, as he has learned by experience. An objection which he 
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brought against the use of auto-transformers, regular transformers, 
condensers or possibly resistances employed to reduce the poten- 
tial between telephone wires and ground is that it takes the charg- 
ing current off at points, whereas the current induced in the tele- 
phone wires is distributed along the whole length; and if taken 
off at points there will be a flow of current which would probably 
cause a disturbance in the telephone. Mr. Mershon said concern- 
ing the use of condensers on telephone lines that it seems desir- 
able to keep the capacity of the lines as low as possible to get 
good operation from the telephone. As to signalling with the 
power lines themselves, it would be better to signal to neutral 
ground and receive messages at corresponding places at the end of 
the line. He considered that the objection of Mr. Lincoln against 
the use of an auto-transformer for each telephone does not hold, 
as the current would flow in the same direction in both lines, and 
the electromotive force induced in each of the telephone wires 
would neutralize the current as far as the telephone is concerned. 





THE BURNING OF WOODEN PINS. 


C. C, Chesney then presented a communication entitled, ‘‘ Burn- 
ing Wood Pins on High-Tension Transmission Lines,’’* and, in 
the discussion of Mr. Chesney’s paper a communication was read 
from M. H. Gerry, Jr., who stated that in his experience, where 
burning of insulator pins has occurred, it has been due to leakage 
of current from the surface of insulators coupled with resistance 
conditions in the pin such that sufficient heat is developed to char 
the wood. A thoroughly dry wooden pin fifteen inches long will 
stand indefinitely 100,000 volts, while a green pin the same length 
will break down very quickly under 1000 volts. Paraffining the 
pins on the outside or coating them with asphaltum paint or lin- 
seed oil is of no value. If the pins when thoroughly dry are 
dipped into an insulating material, they may be given a high in- 
sulation. In order to prevent burning of pins, they should have 
either very high or very low resistances. Mr. Gerry said there is 
nothing especially mysterious in the burning of pins on high-ten- 
sion lines, as it is merely a matter of total resistance to ground 
and the relative resistance of insulators, pins, cross arms and poles. 
Wherever burning occurs, it can be remedied by altering the de- 
sign of the material or dimensions of the insulators and changing 
the quality of the pins. 

H. W. Buck said he had found many pins on the Niagara trans- 
mission in which disintegration had occurred at the top of the pin; 
this would crumble into white powder, which, when analyzed, was 
found to be a nitrate salt. This would appear to indicate that 
nitric acid was formed by the static discharge of the pin and had 
attacked the wood. He gave an account of an experimetal 75,000- 
volt, single-phase line, the conductors of which were of iron tied 
with copper wires, At the end of five months the galvanized iron 
had turned black, although the iron guy wires remained in their 
original bright condition, thus indicating that the blacking was 
not due to atmospheric conditions. It was noted that the wire be- 
came discolored on the surface to the depth of several thousandths 
of an inch, and the copper tie wire was also attacked to a certain 
depth, but not as much as the iron; this would appear to indicate 
that a nitrogen compound formed in a thin layer around the con- 
ductor at high voltage, due to brush discharges, and uniting with 
moisture, attacked the metal. 

Mr. Lincoln considered that pins should be treated with a view 
to preserving them and not making insulators of them. Mr. 
Mershon pointed out that when pins burn, the insulator, the 
lower part of the pin and the cross arm have their surface resist- 
ance lowered by moisture or otherwise; but the upper part of the 
pin, being protected by the insulator, does not have its surface re- 
sistance so much decreased, the consequence being the burning of 
the unprotected surface. In some cases the inner surface of the 
insulator next to the pin, and the pin itself, are so well protected 
by the insulator that the current instead of leaking over the sur- 
face of the insulator to the pin, jumps in a brush discharge from 
the edge of the petticoat to the lower part of the pin. Mr. 








*Jbid, page 145. 
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Mershon mentioned three possible remedies for trouble due to 
charring pins, as follows: First, making the design and pins of 
the insulator such that for all conditions the surface resistance will 
be so high as to control the leakage and keep it below a point 
which cannot harm the pin. Second, make the pins fire-proof, 
but non-conducting. Third, make the pins conducting. 

The latter remedy involves the use of iron pins. Mr. Mershon 
thought, however, that there is a chance of trouble from the use of 
iron pins due to the unyielding character of both the iron and the 
porcelain or glass, and their widely different coefficients of expan- 


sion. The use of a wooden thread upon iron pins may still permit 
charring. If a wooden cross arm is used with an iron pin, the seat 


of the charring trouble may be transferred to the cross arm, unless 
the pins be connected by a conductor. It would seem better to 
make the design of the insulator such as to protect the pin. 
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W. N. Smith said that the question of cost will usually govern. 
Iron poles, for example, in this country cost anywhere from $30 
upward as against from $7 to $20 for wooden poles. The kind of 
pin also affects the cost of the cross arm, and where lumber is high 
an extra cost may run into a good many thousand dollars. 

Mr. Chesney, referring to the remarks of Mr. Mershon in refer- 
ence to the use of a wooden thread on an iron pin, said that in the 
particular case which he mentioned, the burning was not serious, 
simply consisting of a puncture in the thread at one point. He 
said that litharge and glycerine had been used to some extent for 
iron pins in this country, but lately Portland cement has been 
substituted. One of the largest new transmission lines now being 
erected in Mexico uses Portland cement and iron pins, and instead 
of iron poles, iron towers will be used having a distance between 
the insulators of from 420 to 500 feet. 


GENERAL ARRANGEMENT OF THE EBONO PLANT 


THE COMPOSITE SWITCHBOARD 
A POLE LINE OF PALM TREE TRUNKS 
THE POLE LINE ON HIGH GROUND 


WLUSTRATING THE NECESSITY OF A 
ROADS MOVEMENT 
THE TEMPORARY BOILER USED 


THE PLANT 


Mr. De Muralt, said that in Europe practically all high- 
potential installations use iron pins, and quite frequently the poles 
are constructed entirely of iron, the only insulation relied upon 
being that of the line insulator. He did not think that much 
difficulty would be found from mechanical strains; and if there is, 
a way to avoid such strains is to fix the pin into the insulator by 
means of a cement that will take up such strains. In a great 
many installations with which he is familiar, such a cement is 
made of a mixture of litharge and glycerine. He considers that 
the best plan is to put the entire insulation into the insulator, and 
then let the rest of the pole take care of itself. He referred to 
two installations, operating at 26,000 volts, which use American 
glass insulators on iron pins and iron poles; and another one of 
25,000 volts using porcelain insulators. None of these installa- 
tions has given any trouble whatever. 
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IN STARTING 


ELECTRICAL WORK IN MEXICO. 
BY GUY 0. PIERCE. 
BOUT three years ago E. L. Doheny and his associates made 
A a careful examination of the oil and asphalt district hear 
Ebono, State of San Luis Potosi, and about thirty five 
Owing to the distance that 


SOME NEW 


kilometers from Tampico, in Mexico. 
this district is located from any business or manufacturing center, 
it was considered advisable to install a complete machine shop and 
blacksmith shop as supplemental to the electric plant, which will 
be used largely for pumping purposes over an area of 280,000 acres. 
The original plan being carried out, namely, to install a three- 
phase generator which would supply power and light within a 
radius of eight miles, and, later on, if any great amount of power 
should be required at the extreme points on the company’s prop- 
erty, transformers could be installed and the line potential raised 
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to 10,000 volts. For the present current is used to run blowers, 
fan motors and lights. Later, small motors will be used for oper- 
ating individual machine tools and to pump oil. 

A suitable brick building has been erected and all arrangements 
have been made to duplicate the present plant without interrupt- 
ing the service or changing the installation other than by adding 
extensions. 

The equipment consists of one Westinghouse compound engine 
belted to. a Westinghouse 60-kilowatt, two-phase, 7200-alternation, 
2200-volt generator. The switchboard consists of one feeder panel 
on which is mounted the necessary instruments and switches, the 
panel being provided with the necessary fuse blocks and two 
plunger switches. 

The company provides each employee with one sixteen-candle- 
power lamp, and if any employee desires more light or a fan motor, 
a meter is attached and a charge of one cent per hectowatt hour is 
made. 

Before starting the plant it was impossible to do any work at a 
number of the different wells at night, owing to the great flow of 
natural gas, which would ignite if a flame should be carried within 
300 feet of the well, but since starting the electrical plant 
the incandescent lamp has made it possible to continue work at 
the different wells both night and day. As soon as the extreme 
hot weather sets in this plant will be operated continuously. The 
accompanying illustrations are self-explanatory as well as being 
characteristic of some of the novelties and difficulties attending 
electrical installation in the rapidly developing Republic of Mexico, 

It is also interesting to note that incorporation papers have been 
taken out in Mexico City in the name of the Mexican Traction 
Company, which has valuable concessions practically around the 
business district of the City of Mexico. The road will run from 
Mexico City to Chapultepec and the National Palace and thence 
to Tacubaya, Coyoacan, Tlalpam and Xochomitco, For the pres- 
ent standard railway direct-current generators will be installed, 
but as yet the contracts have not been awarded for any of the 
machinery. It is the intention later on, when the inter-urban lines 
are in operation, to use polyphase current and rotary converters. 


THE UTAH LIGHT AND POWER COMPANY.* 
BY O. A, HONNOLD. 


OR about three years the Utah Light and Power Company 
has been running three water power stations and two steam 
stations, all in parallel, on its general distribution system in 

Salt Lake City. This has been done without any particular com- 
plications, and, as has been proven, with very great advantage in 
the economizing of the water available in the mountain streams. 
The system is of especial interest in that the three water power 
stations generate and transmit at different voltages. 

The Upper Cottonwood Station is equipped with General Elec- 
tric apparatus, which generates and transmits sixteen miles, three 
phase at 12,000 volts. The Lower Cottonwood Station, equipped 
with Westinghouse apparatus, generates two-phase and transmits 
fourteen miles, three phase at 14,000 volts. The Pioneer Station, 
situated thirty-seven miles north, in Ogden Canyon, has General 
Electric machinery and transmits three-phase at 16,000° volts. 
The two steam plants generate at 2300 volts and feed into the 
general distribution system in Salt Lake. 

On December 30th, last, to this already large system, with its six 
stepdown stations in the valley and in Salt Lake City, connection 
was made from the Telluride Power Company’s 40,000-volt system. 
This company has a duplicate pole line connecting its Logan 
Power Station, eighty-five miles north of Salt Lake, with its 
Provo Station, forty-five miles south. Taps are taken off each of 
these lines at Salt Lake City and the paralleling was done on the 
low tension side. From the first time this latter system was syn- 
chronized with other stations no trouble has arisen; besides the 
regulation is very materially improved for all systems. 

On this combined system there are operated rotary converters 
supplying the street railway system, large induction and synchron- 


*From 7he Canadian Electrical News, Volume XIII, page 53, April, 1903. 
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ous motors operating 550-volt railway generators as well as Port- 
land cement mills, brick works, ore sampling works and various 
other plants scattered throughout the valley and in Salt Lake. 
On the Telluride Company’s system are large induction motor 
mine hoists, mills, etc., in a half dozen of the largest mining 
camps in the state. 

Since the genera] lighting systems for Salt Lake City and 
Ogden, besides several smaller towns, are fed off this same large 
network, it speaks well for the regulation obtained, when it is con- 
sidered the class of variable motor service and railway load 
carried. The chief advantage in thus running all in multiple is 
the ‘‘momentum ”’’ that is back of all the severe changeable loads, 
motors starting, etc., so that no effect on the general system is 
noticeable. 

By June Ist, there will be started an additional steam three- 
phase unit of 750 kilowatts capacity, and by October next another 
three-phase direct connected unit of 1000 kilowatts capacity will be 
added. To the present rotary station for carrying the railway 
load will be added in September a 750-kilowatt synchronous 


_ motor generator set, while also in June next a sixth water power 


station, located on Bear River, eighty miles north of Salt Lake, 
will be completed and will be run in parallel with above systems. 
In this Bear River station two 750-kilowatt Westinghouse units 
are being installed, and the transmission will be at 28,000 volts. 
Furthermore, by that time it is expected that the Cottonwood 
stations and the Pioneer station in Ogden Canyon will be changed 
over to transmit also at 28,000 volts, thus simplifying greatly the 
connections at the distribution end for working in parallel. The 
combined capacity of above stations, both steam and water, will 
reach 17,000 horsepower: 





THE CASCADE-PHOENIX (B. C.) TRANSMISSION. 
BY W. G. McCONNON. 

LL of the gold extracted from water is not taken directly in 
the form of metal. A power house for generating elec- 
tricity proves a very efficient ‘‘stamp mill’’ for delivering 

‘‘concentrates’’ in the form of watts. That this is appreciated by 
mining men is evidenced by the recently-completed plant of the 
Cascade Water, Power and Light Company, situated at Cascade, 
B. C., and owned by the London and British Columbia Goldfields 
Company, (Itd.). It represents an investment, inround numbers, 
of $500,000. Cascade is a small town on the Kettle River, twelve 
miles east of the town of Grand Forks, and about thirty miles 
directly west from Rossland, B. C. The Kettle River flowing 
from the west, descends 120 feet in passing through a half mile 
of narrow rocky gorge in a series of rapids and falls. For the 
utilization of this natural power, the Cascade Water, Power and 
Light Company has built a large dam, waterway, pipe line, power 
house, and transmission line from Cascade to Phoenix, where the 
largest and most productive copper mines in the ‘‘ Boundary Dis- 
trict’’ are situated. 

The dam, placed just above the entrance to the gorge, is of tim- 
ber cribwork, with a forty-foot base and a twenty-four foot top. 
The mid-section is fifty feet high, tapering to twenty-five feet at 
the sides, while the total length is 400 feet. This is built on a 
solid rock bed to which the foundation timbers are bolted, and 
filled with 10,000 cubic yards of rock. This dam raises the water 
thirty-six feet above the natural level, giving an effective head at 
low water of 156 feet. The permanent water level is ten feet below 
the top of the dam, being controlled during high water by twelve 
sluiceways which can be opened to twelve feet below the natural 
river level, giving a passway of about 2,000 square feet. These 
sluices are closed by means of twelve by twelve inch squared 
timbers in grooves, operated by a traveling winch running on a 
track over the top of the dam. 

From dam to power house the water first passes through a 
225-foot open rock cut from which it enters a tunnel driven 
through 410 feet of solid rock, passing under the track of the 
Canadian Pacific Railway, and then into another open rock cut 500 
feet in length, at the end of which the bulkheads and controlling 
gates are located. These cuts and tunnel, representing an exca- 
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vation of about 35,000 cubic yards of rock, are of dimensions liberal enough to avoid 
any appreciable loss of head, delivering the water with a head almost equal to that at 
the dam level. 

From the gates the water is conveyed through a wooden pipe, seven feet in 
diameter, for about 1400 feet. This pipe is constructed of Oregon fir tongued and 
grooved staves two and three-fourths by seven inches cut in circular segments and 
machined to the radius of the pipe. The staves are hooped at twelve-inch intervals, 
with three-fourths-inch round steel bands, with cast-iron connecting shoes for clamp- 
ing. Provisions have been made at the bulkhead and in the width of the cut, shown 
in the first of the adjoining illustrations, for the installation of a similar and additional 


pipe, a cut running parallel with the railroad track in the lower right hand fore- 
ground. 

From the stave pipe the water is carried through 250 feet of circular steel pipe, 
seven feet in diameter, resting on concrete piers and anchored into solid rock to 
avoid end thrust. Where this pipe passes along side of the power house, three four- 
toot pipes and one two-foot pipe are taken off below the floor level of the power 
house to supply three thirty-six-inch turbines for generators and two twelve-inch 
turbines for exciters. 

In the second illustration is given a general view of the power house, showing the 
stand pipe at the junction of the stave and steel pipes. This stand pipe relieves the 
pipe line from excessive water-ram strains, and incidentally voids any air taken into 
the pipes. About 10,000 cubic yards of rock were removed for the site of the power 
house, in a natural bay at the foot of the falls. The building is of substantial fire- 
proof construction, 150 by 50 feet, with stone foundation twenty-two feet deep on the 
lower side, and brick walls thirty feet above floor level, the height to peak of roof 
being forty-five feet. It has been designed with a view to lengthening it when 
required. 

The third view shows the interior of the power house and the generating plant. 
The three generators are standard Westinghouse, three-phase, two-bearing, direct- 
coupled, 2200-volt machines having an output of 750 kilowatts at 8o per cent. power 
factor, of940 kilowatts at 100 per cent. power factor, the frequency being sixty cycles 
per second, when run at 300 revolutions per minute. The two exciters, each capable 
of exciting all three generators at one time, are each forty-five-kilowatt, 120-volt, 
shunt wound dynamos, of the self-contained, two-bearing type, direct coupled to 
independent turbines running at 500 revolutions per minute. The turbines are 
H. Morgan Smith wheels, made at York, Pa., and the governors, the Esher-Wiess, 
are from Switzerland. 

In the next view (Figure 4) is shown the nine station transformers there being 
three in each bank. The transformers are of the standard Westinghouse, self-cool- 
ing, oil-insulated type, each having a capacity of 250 kilowatts at 80 per cent. power 
factor, or 312% kilowatts at 100 per cent. power factor, their windings are in ‘‘star’’ 
connection, and the transformers are wound in a ratio of 2000 to 20,000 volts, on 
both high and low tension windings, with full load efficiency of 97.6 percent. As the 
taps were brought out near the neutral point, which is grounded, it is impossibie to 
maintain a dangerous voltage in the auxiliary circuit. 

The current from the high tension side of the transformers is carried to a row of 
high tension fused circuit-breakers, situated alongside of the building behind the 
main switchboard, as shown in the fourth illustration. These switches are of the 
well-known Westinghouse type, placed on independent marble slabs, with marble 
barriers between. The current leaving them enters a high tension bus and is carried 
to the line switches at the rear of the building. These line switches are grouped 
switches opening all three wires at the same time, and each switch is furnished with 
a time limit tripping device, and reversed current tripping coils, so that overloads 
can be carried for a period of from one to ten seconds, as the local conditions call for, 
or either line can be cut out automatically in case of trouble. 

The switchboard for the low pressure side (fifth illustration), consists of seven 
panels of blue Vermont marble, there being one panel for each generator, one for the 
two exciters, and a feeder panel foreach group of transformers. The six lightning 
arresters, located just above the switches in the gable of the roof, are the ‘‘low 
equivalent’’ style, giving protection against lightning discharges for transmission at 
20,000 volts. 

A right of way 132 feet wide has been cleared, and transmission lines erected thereon 
from Cascade via Grand Forks to Phoenix, a distance slightly over twenty-one miles. 
The high tension circuit consists of two separate three-phase transmission lines, each 
carrying three No. 3 B. & S. copper wires, with room on each line for another circuit. 
Throughout it is one of the most substantial and well-constructed lines in the Domin- 
ion. The poles are heavy cedar, and on tangents are spaced not over 100 feet apart, 
on curves at less distances, in some cases as low as fifty feet. No angles are turned, 
but all changes in direction of line made with easy curves. No side or head guys 
have been used except at extra heavy spans across rivers,etc. The work on this line, 
as well as all construction of the plant, is a decided credit to the company’s local 
engineer, William Anderson, who has designed and executed the work. A three-mile 
feeder is taken off at Grand Forks, twelve miles from Cascade, to the Granby Smelter 
of the Granby Mining and Smelting Company, where current is used for driving in- 
duction motors of sizes ranging from three to 700 horsepower, and of an aggregate 
capacity of 2400 horsepower. 

The sixth illustration is a view of the substation at Phoenix, located at an altitude 
of about 3500 feet above the power house. The building is of brick, with one end 
left for future extension, and contains the transformers, line switches, fused circuit 
breakers, switchboards, etc., substantially duplicating those at the powerhouse. The 
last view shows the interior of this substation, which, for the immediate present, will 
be called upon to supply current for two 700 horsepower, type ‘‘C’’ motors for driv- 
ing two iarge compressors, a 100-horsepower motor for a stone crusher, and a 150- 
horsepower motor for a hoist, as well as furnishing the current for lighting the town 
of Phoenix. The Cascade Water, Power and Light Company estimates that it will 
have a supply, at low water, for about 6200 horsepower, which will enable the donb- 
ling of the present output. All the plans were made and carried out with the view 
of extending the plant to its full capacity, and from present indications it would 
seem that the company will have a demand for all the power it can furnish. 
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In the beginning of commerical elec- 
tric lighting, with the electrical ap- 

ELECTRICAL —jiances then developed, it soon became 

AND INSURANCE apparent that in many instances the fire 

INTERESTS. hazard was increased. While the laws 

which govern the science of electricity 

were then the same as now, the knowledge and experi- 

ence resulting from years of application were lacking, 

and dangers which are now thoroughly understood were 
at that time unknown. 

Particularly was this true in the case of series arc light- 
ing, due primarily to the use of high voltages and the 
introduction of such are lights in commerical service in 
the interior of buildings. 

For a number of years it seemed that the interests ot 
the insurance companies, represented by the Fire Under- 
writers, and the interests of the electric lighting com- 
panies and their customers were invariably in conflict. 
Those who are familiar with the early applications of 
electricity will remember the discussions in the various 
electrical associations regarding-the ‘‘extraordinary and 
unreasonable requirments’’ of the Underwriters. With 
the growth of commercial electric lighting and power 
service, it became apparent, principally through the 
efforts of the best engineers of the country, that the 
interests of the Underwriters and the electric light com- 
panies were practically identical. 

ad 

The National Electrical Code is undoubtedly the best 
evidence of this complete understanding. At the pre- 
sent time it stands as the result of the united efforts of 
the electrical, insurance, architectural and allied interests, 
which have, through the National Conference on 
Standard Electrical Rules, composed the delegates of the 
various National Associations. All of the associations 
represented in the conference and enumerated below, 
unanimously voted to recommend it to their, respective 
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associations for a»proval and adoption. ‘The nine associ- 
ations are: American Institute of Architects, American 
Institute of Electrical Engineers, American Society of 
Mechanical Engineers, American Street Railway Asso- 
ciation, Factory Mutual Fire Insurance Companies, 
National Association of Fire Engineers, National Board 
of Fire Underwriters, National Electrical Light Associ- 
ation and Underwriters’ National Electric Association. 

It is important to note that five of the nine associations 
mentioned above are institutes or societies, the members 
of which are directly interested in the manufacture, sale, 
use or application of electrical apparatus, including the 
electric lighting and street railway systems, and these five 
associations have no interest directly in the matter of 
insurance or fire hazard resulting from the use of elec- 
tricity. 

The present rules, as given by the National Electrical 
Code, cannot be considered, therefore, the requirements 
of the insurance interests alone, but also the best guide 
to all engineers and contractors for the proper character 
of installation where electric light and power is used. 

we 

Municipal governments have also been of great service 
in bringing about not only a more thorough co-operation 
between the insurance and the electric light and power 
interests, but also with the Fire Underwriters, have 
caused a very great improvement in the character of work 
Appliances which were in 
the beginning thought to be satisfactory, have given way 
to better and more satisfactory devices, and while these 
devices have been developed by the electrical interests 
principally, yet their extended use has been brought about 
by the Fire Underwriters and the wise and consistent 
action of a few municipal governments. 

The primary object of the insurance interests, as repre- 
sented by the Fire Underwriters, must be definitely under- 
stood to be the reduction, as far as possible, of the fire 
hazard. The Underwriters have, therefore, been inter- 
ested in the general improvement of all electrical construc- 
tion work, but it has not been within their power to insist 
upon such improved character of workmanship, except 
through the only direct influence which they can bring 
to bear—that is, the increase of insurance rates. 

se 

The system of inspection which has resulted from the 
efforts of the Fire Underwriters has perhaps in the past 
not always been of the best, giving due consideration to 
all of the interests represented. At the present time, 
however, particularly on the Pacific Coast, this cannot be 
said, because the Underwriters have made, and are mak- 
ing, every effort to secure thoroughly competent men to 
inspect the installations in buildings upon which insur- 
ance is to be placed. They are in direct consultation 
with men who are thoroughly acquainted with the elec- 
tric light and power interests, and are in reality co-oper- 
ating with them toward the general improvement of all 
lines of electrical service. 

Municipal governments have in many cases adopted 
the National Electrical Code as governing the rules and 
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requirements for the installation of wiring and apparatus 
for electric light and power. Where such municipal ac- 
tion has resulted in the selection of properly qualified 
men, the result has been of very great advantage to all. 
Where, however, influences directly opposed to the selec- 
tion of the best men have been brought to bear, the 
result, of course, has not been satisfactory. 
ad 

Civil Service requirements necessarily improved the 
conditions, and yet the possibility of the wrong kind of 
man having charge of such inspection is always feared. 

For this reason, in some cases at least, it would seem 
to be best if the various electrical companies doing 
business in a city and the Board of Fire Underwriters 
would co-operate to such an extent that an inspector 
might be employed by the two interests. This inspector 
might report directly to the Board of Fire Underwriters, 
his report to be used by them as a guide toward the fix- 
ing of a rate for such insurance as might be carried on 
the premises examined. On the other hand, this 
inspector would also report to the electrical company 
directly interested in the service for the building under 
consideration. If this Inspector’s report were satis- 
factory, the proper connections would then be made by 
the power company, if not, the company would definitely 
refuse to make such connections until the alterations 
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required were made. That this arrangement is a good one 
has been proven by the success resulting from its adoption. 
ue 

If the municipality will co-operate and support the 
electrical companies and the Underwriters by passing 
suitable ordinances, it but makes the position of the 
inspector stronger and insures the best character of elec- 
trical installation. It is not urged that this system of in- 
spection would always be preferable to the complete con- 
trol of such work by a thoroughly gocd city official, but 
in the long run in many cases it would be vastly more 
easily established, and in all circumstances absolutely 
free from the interference of political with 
ulterior motives. 

In conclusion it must be said that notwithstanding the 
unenviable position in which the Fire Underwriters were 
placed in the early days of electric lighting, it is true 
that they have been a most important factor in bringing 
about a definite system of requirements for the installa- 
tion of electric light and power service. The efforts of 
the electrical manufacturing companies and the electric 
light companies have also been of great importance, due 
to the importance of their position in such improvements. 
When all interests join together, the results cannot but 
be more far-reaching than could possibly come from 
either acting alone. 


interests 





THE WAGNER-BULLOCK ELECTRIC COMPANY. 


HE Wagner-Bullock Electric Company of California is to be 
congratulated upon the occupation of its fine new offices 
in the Rialto Building, where it has the ground 

floor corner on Mission and New Montgomery Streets. The new 
location was made necessary by the rapid growth of the business 
of the company and the importance of its work on this coast 
warrants a brief resume of its growth. As the name implies this 
company is essentially a coast concern (being incorporated under 
the laws of the State of California), but representing the Bullock 
Electric Manufacturing Company of Cincinnati, and also the 
Wagner Electric Manufacturing Company of St. Louis, thus en- 
abling the company to supply a full line of both alternating and 
direct current apparatus. 

The Bullock Electric Manufacturing Company of Cincinnati 
made a brilliant reputation for itself a score of years ago through 
its direct current apparatus. Mr. George Bullock, president of 
the company, isa man of enterprise and capacity, and appreciat- 
ing the great field that alternating current apparatus would 
occupy in electrical power transmission he secured the patent 
rights and plans of the Oerlikon Company of Zurich, Switzerland, 
which latter company, it is well-known, is the world’s pioneer 
in long distance electric transmission. Mr. Bullock also secured 
the services of its chief engineer, Mr. B. A. Behrend, with a 
number of his original staff of engineers, thus transplanting the 
extensive -European experience in this class of work to America, 
the only change being to put the European machines and designs 
into American garb. 

The Wagner Electric Manufactnring Company of St. Louis has 
reached remarkable prominence through the universal success of 
its single-phase motors, in addition to which it has developed a 
complete line of switchboard appliances, notably oil switches, 
per minute, engine type railway generator for the Oakland Con- 


ammeters, voltmeters, wattmeters and ground detectors. A new 
synchronizing instrument recently brought out is meeting with 
great success and a full line of series transformers for meters and 
actuating solenoids enable the company to meet all demands 
along these lines. Transformers for power and lighting are also 
prominent among its products. 

. Previous to 1901 the Bullock interests were represented on this 
coast by the Wybro-Hendy Company, of San Francisco, and the 
Wagner interests by Mr. True S. Clark. An early and important 
installation made was an 800 kilowatt, eighty-eight revolutions 
solidated Electric Railway Company, which machine has now 
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been in operation for a number 
of years giving remarkable 
satisfaction and having operated 
for long periods at very heavy overluads. 


In 1901 a sales organi- 
zation was formed between the Bullock Electric Manufacturing 
Company, and the Wagner Electric Manufacturing Company, each 
company retaining its individuality. 

For the purpose of more thoroughly developing the interests of 
these companies on the Pacific Coast the Wagner-Bullock Electric 
Company of California was incorporated and offices opened at 


519 Mission Street, San Francisco. Later when the sales organi- 
zation was discontinued, the Wagner-Bullock Electric Company 
of California still continued to represent both companies, as it 
does at present, and it was in July, 1902, that Mr. H. A. Bullard, 
of the engineering department of the Bullock Electric Manufact- 
uring Company, came to this coast to assume the position of 
general manager of the Wagner-Bullock Company. 

Prominent among the important contracts undertaken by this 
company on this coast may be mentioned: 

The Kern River Company, calling for five 3000-kilowatt, 231 
revolutioris per minute, fifty cycle, three-phase, revolving field, 
two-bearing generators. This power will be transmitted from the 
Kern River a distance of approximately 120 miles to Los Angeles. 
The Pacific Electric Railway Company, Los Angeles, three, 1500- 
kilowatt, three-phase, fifty cycle, 120 revolutions per minute, 
engine type generators and the Pacific Light and Power Company, 
Los Angeles, one, 1500-kilowatt, 120 revolutions per minute, two- 
phase, fifty cycle, engine type generator. 

The company installed some eighteen months ago for the San 
Bernardino Valley Traction Company, San Bernardino, California, 
the first 11,000-volt, three-phase, synchronous motor-generator set 
on this coast. This was a unit having a direct current output 
normally of 200 kilowatts. It is a matter of note that not the 
slighest trouble was experienced from the start in synchronizing 
and operating this unit with the transmission system of the 
Edison Electric Company. Such has been the satisfaction of the 
purchaser with this unit that they have recently duplicated the 
order. 

Another important contract is that with the Mutual Electric 
Light Company of San Francisco. Plans have been laid for the 
installation of six, 1500-kilowatt, two-phase, sixty cycle, ninety 
revolutions per minute, engine type generators, 2200 volts, of 
which two will be shipped within the next two months. 

The staff of the Wagner-Bullock Electric Company of California 
is more or less well known to our readers, and in addition to 
H. A. Bullard, we may name R. B. Elder, closely identified with 
all their larger contracts, J. R. Jarvis, and C. L. Clark. T.S. 
Clark, who is well known in connection with this company, is 
now in charge of the agency recently opened in Seattle. W. F. 
Hynes, who has been connected with the company since last 
November, is now in charge of an agency recently opened in Los 
Angeles. 

In all of the large elect'ical enterprises the competition of the 
Wagner-Bullock company has been a very potent factor, and the 
energy and thoroughness with which it has placed before the pur- 
chasing public the now acknowledged merits of the Wagner and 
Bullock product is worthy of compliment, while the conservative 
business policy of the company in connection with the advantage 
of bonafide competition invariably recommends it to a prospective 
purchaser. 


NERNST LAMPS IN MADISON. 


PYNHE street of the city of Madison, Wisconsin, are being 
illuminated with Nernst lamps. Some of the business 
men in one of the blocks on East Main Street put in five 

of these lamps independent of the city arc lights at each end of 

the block, making that section of the city a blaze of electric lights. 

The absence of flicker in the Nernst lamp and the fact that it casts 

no shadow on the street make it especially adaptable for out-door 

lighting, and the occupants of the adjoining block to the west 
were not slow in seeing the benefits of having their block better 
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illuminated, and also made ar- 
rangements for five of the lights. 
The movement is spreading, 
and it is highly probable that the other blocks in this vicinity 
will adopt the same plan, and that finally the capitol will be 
encircled with these celebrated little street lamps. 


SOME NEW “G, 1.” AUTOMATIC SWITCHES. 


WING to the fact that many times automatic switches have 
been produced for commerical use and only performed 
their functions in a half satisfactory manner, it might be 

accepted by some that an automatic switch could not be manu- 
factured of sufficient efficiency to meet the severe and repeated 
duty that is placed on a device of this kind, but the General In- 
candescent Are Light Company’s experience with apparatus of 
this kind in the last three years has demonstrated that such a 
switch can be made and can be installed with the greatest assur- 
ance that it will give absolute 
satisfaction. 

These switches are made 
either one, two or three pole, 
for service on voltages up to 
and including 250 volts, and to 
carry currents up to 200 amperes 
as shown in the cut herewith. 
The demand, however, for these 
switches of larger sizes has 
necessitated the design of larger 
capacity switches for these volt- 
ages, and the above company 
has now installed automatic 
switches, which are designed to 
continuously carry as much as 
2500 to 3000 amperes. Of course 
the design for the larger size 
switches is different from that 
of the smaller size, and they are 
so made that the amount of cur- 
rent can be handled thereby is 
not limited within any com- 
mercial requirement. 

In these days when the cen- 
tral stations are being almost 
exclusively equipped for auto- 
matic remote control of all the 
apparatus, it is not surprising 
that similar requirements are 
found in ordinary commercial 
life. "e 

These switches are of the 
smaller size, are made to meet the requirements of the latter con- 
dition and are specially suited to installations where it is desired 
to cut the entire lighting system of the building or the house by 
the mere pushing of a button from one or more distant points 
from the switch. It is very desirable to have the lighting system 
cut off from the street service in case the building gets on fire, and 
it has also been found equally desirable by some to cut the entire 
lighting system off from a residence in case of a thunder storm, 
or during the night. 

These instances are only a few of the cases where individual 
switches could be installed to great advantage, but too much stress 
cannot be laid on the fact that in lighting large public buildings, 
such as the skyscrapers that daily shoot up in New York City, 
where enormous savings could often times be made in the cost of 
wiring and the labor of installing it by the use of automatic 
switches placed throughout the building. In one case it was 
estimated that $20,000 could be saved by using automatic switches 
of this kind, instead of following the usual methods of wiring. 

In central stations, of course, the use of automatic switches is 
almost indispensable, especially in the case of a high tension plant, 
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where the high tension appar- 
aius is designed for remote con- 
trol. In such plants the low 
tension exciter systems often times can be installed with low ten- 
sion automatic switches to great advantage, thereby carrying out 
the general scheme with consistency and at a coasiderable saving 
in the original cost. 

Automatic switches have been used to great advantage in con- 
nection with other devices, such as pressure gauges, which are so 
arranged that when the pressure becomes excessive in any 
receptacle into which air or water is being forced by a motor, the 
pressure gauge closes a contact at such a time, opening the auto- 
matic switch and thereby stopping the motor. 

The few instances here recited show that the application of the 
automatic switch as illustrated herewith is almost limitless, and 
the reason that they have not been more universally used has 
been on account of the attempt on the part of manufacturers to 
produce an article that can be sold at 4 low price, by designing it 
so light and flimsy that it would not stand up and do the work 
for which it was intended. 

These ‘‘G. I.’’ automatic switches are built on an iron frame 
which is very substantial and strong, and which also serves to 
produce a strong magnetic field from the operating solenoids, as 
will be seen at a glance in the illustration. The switch is 
intended for installing in a vertical position, so that gravity tends 
to open it, and the opening of the switch is accomplished by 
hammer blow produced by the core in the lower solenoid having 
a lost motion, which is first taken up, before the burden of open- 
ing the switch is thrown upon it. This insures the switch open- 
ing at all times, as a large factor of safety is introduced thereby. 

The above simply touches on one small element of the automa- 
tic devices as maufactured by thiscompany, and there is no attempt 
to here recite anything regarding the automatic switches for 
high tension work, a large line of which have been on the market 
now for three years, nor has any attempt been made to elaborate 
on many other automatic devices this company makes, as it would 
be simply impossible in a short sketch like this to give more than 
a bare synopsis of this apparatus, the variety being so numerous. 


THE S.K.C, CIRCUIT BREAKER, 


HE S.K.C. Circuit Breaker illustrated herewith embodies a 
number of advantageous features which distinguish it from 
similar devices. Prominent among these is the independ- 

ent opening action. It is impossible to close the breaker on an 


co CE eo) 


ee nae 





FRONT VIEW OF THE 8.K.C. CIRCUIT BREAKER, OPEN 
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overload. Should an attempt 
be made to do so, the closing 
toggle will be automatically 
disconnected from the operating handle and the jaws will open, 
regardless of the pull which is being applied to the handle, the 
instant that sufficient current passes through the carbon contacts 
to operate the tripping device. Thus the dangers which have 
hitherto existed resulting from circuit breakers being forced in 





THE S.K.C. CIRCUIT BREAKER CLOSED 


upon an overload are here eliminated. 
ing action is simply reversed; i. e., 
pushed up. 

By an ingenious arrangement of the iron core and the magnet 
coil, two turns are made around the core in a limited space. The 
iron core consists of two parts, one fixed and the other movable, 
which are so arranged as to have but one air gap in the magnetic 
circuit. The movable portion of the core operates the tripping 
device. 


To trip by hand the clos- 
the operating handle is 





REAR VIEW OF THE S.K.C. CIRCUIT BREAKER, OPEN 
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The main contact blocks are 
bridged by a sectional lami- 
nated copper arm, each section 
of which may be adjusted separately to secure the best contact, 
and attention is called to the ease with which this adjustment is 
accomplished. The main contact blocks are fastened to the mar- 
ble base independently of the studs, which may be of any length 
to suit the switchboard construction. 

The arrangement of the arc-rupturing carbons is decidedly 
unique. Hitherto circuit breakers have been made with fixed 
carbon blocks with parallel faces, which receive the full impact 
when the breaker is closed, and consequently often fracture from 
the blow. In the ‘‘S.K.C.,’’ these carbon blocks have a certain 
amount of spring-actuated movement and come together with a 
sliding action, as can be seen from the illustration, which renders 
their breaking impossible. The surfaces are unusually large and 





S. K C. CIRCUIT BREAKER. 


Arrangement of Magnet Corl and Core 
and of Setting Device, 


the rubbing action taking place between them when the breaker is 
opened or closed ensures clean contacts. As will be seen from the 
illustrations of the breaker opened, a long break between the car- 
bon is secured with a comparatively short movement of the main 
contact arm, and arcing occurs at a safe distance from all metal 
parts. It should be noted that in addition to the shunt circuit 
through the carbon contacts, there is also an auxiliary shunt com- 
posed of smaller copper arms which remain in contact momentarily 
after main contacts are opened, thus further protecting the latter. 
An especial point of superiority in the ‘‘S.K.C.”’ is the setting 
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device, a feature which in other 
breakers has been most unsatis- 
factory. In the ‘‘S.K.C.”’ this 
consists of a rack, having a projecting bracket upon which rests 
the movable section of the magnetic core, and a pinion engaging 
therewith, at the end of a short shaft which carries on its outer 
end a helical spring, a notched dial and an insulated knob, the 
arrangement of these parts being clearly shown in section.’ It 
will be evident that by rotating the dial, the air gap in the trip- 
ping magnet may be varied and a fine adjustment secured. The 
operation of setting consists simply of pushing the knob, so that 
the dial is free from the index pin holding it secure, and rotating 
it until the figure indicating the desired tripping point is opposite 
the index pin. On releasing the knob, the dial springs out and 
locks itself to the pin. The large diameter of the setting dial 
gives, on its periphery, a scale approximately nine inches long. 

These circuit breakers operate on either direct or alternating 
current circuits, and are made in capacities from 200 to 3000 am- 
peres. They were designed by the engineers of the Stanley Elec- 
tric Manufacturing Company, of Pittsfield, Mass., and are being 
put upon the market by that company. 


STORAGE BATTERIES FOR LIGHTING YACHTS. 


HE use of storage batteries for lighting private yachts is 
rapidly increasing, so much so, that practically every 
steam yacht of modern construction now includes a battery 

of ‘‘Chloride Accumulators”’ in its equipment. The great advan- 
tage of a storage battery lies in the fact that it enables the lights 
to be used throughout the night while the machinery is shut down, 
thus avoiding the annoying vibration from the running of a gen- 
erator, which is especially noticeable in a yacht while lying at 
anchor. The Electric Storage Battery Compar.y has recently con- 
tracted for the installation of five yacht lighting plants on boats 
now under construction at Morris Heights, N. Y. 


ELEVATORS WITH PUSH-BUTTON CONTROL. 


HE Otis Elevator Company has been awarded a contract for 
eighteen electric elevators equipped with the push-button 
system of control, the largest number of elevators of this 

type ever included in a single contract. These elevators are to be 
installed, one each, in a row of private residences now being con- 
structed for F. Ambrose Clark on Seventy-fourth Street between 
Central Park West and Columbus Avenue, New York. It will be 
remeinbered that the Franklin Institute recently awarded the 
John Scott Legacy Medal and Premium to this company for per- 
fecting this type of elevator. 





THE NEW OFFICERS OF THE STANLEY COMPANY. 


EW officials of the Stanley Electric Manufacturing Com- 
pany, of Pittsfield, Mass., were elected as follows at the 

recent meeting of the board of directors: President, W. 
Murray Crane, Pittsfield, Mass.; first vice-president, Dr. F. A. C. 
Perrine, Pittsfield, Mass.; second vice-president, M. D. Barr, New 
York, N. Y.; third vice-president, S. N. Hammill, New York, 
N. Y.; treasurer, W. W. Gamwell, Pittsfield, Mass.; assistant 
treasurer, R. S. Murray, Pittsfield, Mass.; secretary, W. S. West- 
over, New York, N. Y.; assistant secretary, A. G. Davis, New 


"York, N. Y. 


THE MOST POWERFUL SEARCHLIGHT, 


N order to build «n electric searchlight, which shall excel in 
A ‘size and illuminating power any heretofore constructed, 
has been given to the General Electric Company by 7he 
Woman's Magazine, of St. Louis. This searchlight will be placed 
on the dome of the new building which the publishers of this 
magazine are erecting on University Heights, just out of the city 
limits and in full view of the exposition grounds. This search- 
light promises to be one of the most striking advertisements yet 
employed by any publishing house. 
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made by contact prongs. To 
remove or replace a holder it is 
gripped between the thumb and 

THE PERFECTED NERNST LAMP. fingers, as shown in Figure 3. It is advisable 

te Nernst Lamp, a new form of incandescent when a large number of lamps are installed to 
lamp, derives its name from its inventor, have a few extra holders in reserve. Should a 
Dr. Walther Nernst, the eminent German Line 
scientist, The lamp as commercially developed by 
the Nernst Lamp Company, of Pittsburg, Pa., 
while not as simple as the incandescent lamp, is 
much less complex than the arclamp. ‘The quality 
of the light is remarkable for its beauty and close 
approximations to daylight, being pure white and 
giving the true color values, it being possible to 
match delicate shades of silks where it is used. 
Its simplicity, low cost of maintenance, absence of 
shadow and steadiness of the light, together with 
low current consumption, recommend it very 
strongly to the lighting world. As the lamp 
operates on voltages up to 240, the saving in first 
cost of wiring, together with the saving in fixtures, 
will in many installations more than pay for the 
lamps. As the current consumed per candle-power 
is about one-half as compared to incandescent 
lamps, the economy of the Nernst lamp is evident 
at once. 

FIGURE |. HEATER TUBES AND GLOWERS The lamp proper consists of the glower, the 
heater tubes, the ballast or steadying resistance 
and the cut-out. The glower, which is the light-giving element, is made by express- 
ing from a die a dough made of the rare earth, mixed with a suitable binding material. 
For the 220-volt lamp it is about twenty-five millimeters long and sixty-three hun- FIGURE 2. DIAGRAM OF CONNECTIONS 
dredths of a millimeter in diameter, and resembles, to use a homely comparison, a 
short piece of vermicelli. Embedded in the ends are short platinum wires ending in 
beads, so that any tendency on the part of the glower material to shrink can only 
result in tightening the contact. To the terminals of these lead wires are attached 
small tapering aluminum plugs, which in turn are inserted in small holes in suitable 
brass lugs so as to make the replacing of any glower quickly and easily accomplished 
and at the same time insure perfect contact. The glower when cold is a non-conduc- 
tor, therefore means must be provided for bringing it to incandescence before it will 
operate. In the earlier form of the lamp this was accomplished by means of a small 
alcohol torch. As perfected by American ingenuity this operation is automatic. 
The heater consists of a small porcelain tube, wound with a fine platinum wire pasted 
with cement, the latter serving to protect the coils from the intense heat of the 
glowers. The tubes in the 220-volt lamp are wound for 110 volts, and are connected 
two in series on the one, two and three glower lamp and two pair in series on the six 
glower. The heaters are mounted on a porcelain holder in such a manner that any 
one can make necessary repairs with a small pair of pliers and a screwdriver. In fact 
this applies to the entire lamp. The life of the heater is surprisingly long, in fact, it 
can hardly be considered as a repair part. The glowers on the 220-volt lamps have 

an average life of 800-lamp hours. Figure 1 shows the glowers and heater tubes. 

It is evident that means must be provided for cutting the heater tubes out of the 
circuit as soon as the glower is operative. This is accomplished by means of a cut-out 
magnet connecte1 in series with the glower circuit which actuates a pair of keepers, 
cutting the heater tubes out. The ballast is a steadying resistance connected in series 
with each glower. Iron wire is used on account of its high temperature correction, 
and by properly mounting this in a small glass tube filled with an inert gas a ballast 
has been secured having at once a high corrective power with minimum resistance 
under normal conditions, and oxygen being entirely excluded, the wire can readily 
be worked throughout the entire high corrective region without danger of destruc- 
tion. The connections of the lamp are shown in Figure 2. 

The main features of the lamp are the same in all types. The indoor lamps are 
provided with spun brass housings, and the outdoor lamps with neat japanned iron 
casings. The single glower lamps are provided with regular Edison bases. The two, 
three and six glower lamps are suspended from an eye-bolt, and are provided with 

suitable binding posts for the connecting wires. On removing this eye-bolt and 
housing, the ballasts are found placed in a semi-circle around the cut-out, the arrange- 
ments of parts being such as to make all easy of access. All connections are made 
by means of the small aluminum plugs on the connecting wires, as mentioned, thus 
doing away with all binding or set screws. All of these parts are mounted on porce- 
lain. The heaters and glowers are mounted on a porcelain holder, connections being 





Ballast 





Glower 


glower burn out it is only necessary to remove 
the globe and holder, insert the new holder and 
replace the globe, an operation performed in 








FIGURE 3. 





REMOVING OR REPLACING HOLDER 
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FIGURE 4. SIX-GLOWER OUTDOOR LAMP 
WITH GLOBE REMOVED: __.. - 


less time than replacing an incandescent 
lamp. The six glower Nernst lamp in mere 
candle-power on the photometer is equal to 
an enclosed arc lamp, but it is vastly superior 
in its beautiful color, perfect steadiness and 


ai Tinian 


ages 


a 


Soc eRInaSananeten:. aan ieaeneN 


rs 


apt npr nl 


FIGURE 6. SINGLE-GLOWER INDOOR LAMP 
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superior downward distribution of light. 
Another advantage is that in case a glower 
should burn out it does not affect the lamp, 
except to decrease the amount of light for 
the time. The lamp contains no dash-pots, 
springs or choke coils, and under normal 
conditions will operate without attention 
for 800-lamp hours. When properly adjusted 
the lamp will light up in thirty seconds. 
The glower gives its full candle-power dur- 
ing its life with practically no rise in wattage. 

The following four sizes have been per- 
fected: The one-glower at 88 watts, the two- 
glower at 176 watts, the three-glower at 264 
watts, and the six-glower at 528 watts, or 
about 88 watts per glower. 

In the Eastern States the Nernst lamp is 
coming into general use. Hartford and 
West Hartford, Conn., use them exclusively 
for street lighting. Mr. A. C. Dunham, 
president of the Hartford Electric Light 
Company, stated, on December 5, 1902, 
‘*That the Nernst lamp will cost for main- 
tenance not more than one-half what the 
Edison lamp costs. The cost with reference 
to are lamps is in favor of the Nernst, but 
we are not yet able to state how much.”’ 

In Vancouver, B. C., the electric light 
company is furnishing Nernst lamps free to 
their customers in order to compete with the 
local gas company. In California, although 
the conditions are unfavorable in many 
localities on account of the poor regulation, 
the Nernst is rapidly making friends among 


4 consumers on account of its economy and 


superb light. The Hastings Clothing Com- 
pany of San Francisco is using thirty-seven 
Nernst lamps in one of its stores. Mr. 
Turner, the manager, states that the bill 
for this store averages $3.85 per month. In 
Oakland many of the largest stores are using 
the Nernst lamp for both store and window 
lighting, and the results justify the claim 
that the Nernst lamp is to the electric light- 
ing field what the Welsbach was to the gas 
lighting. 


A CHANGE IN ORGANIZATION, 
NDER date of May 16, 1893, the Chris- 
tensen Engineering Company has 
sent out the following announce- 
ment: 


The constantly increasing demand for Christen- 
sen Air Brakes and ‘‘ Ceco’”’ Electrical Machinery has 


_ made a change of our organization necessary. To 


accomplish this result the owners of the stock of this 
company have organized the National Electric Com- 
pany, and the assets, good will, etc., of this company 
have this day been transferred to the National_Elec- 
tric Company. The purposes, ownership, manage- 
ment and control of the new company are identical 
with those of the old. We desire and solicit a con- 
tinuance under our new name of the satisfactory 
relations which have heretofore existeuw between us 
and the trade. 


The Kilbourne & Clark Co. are agents for 
this coast, and are building up the business 
in a highly satisfactory manner. 
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FIGURE 5. SIX-GLOWER INDOOR LAMP 
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